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A B S T R A C T   
Quinoa (Chenopodium quinoa, Willd.) is an Andean grain crop recognized as an ally for global food security due to 
its high nutritional value. However, quinoa globalization entails challenges to the countries of origin. Farmers 
face a scenario of new concerns and competitors. In 2018, quinoa was present for research and production in 123 
countries. Although 74% of global exports are still supplied by Peru and Bolivia, production outside the Andes is 
increasing. In addition, producer prices collapsed in 2015 while yields remained unstable, averaging 0.4–1.1 t 
ha− 1. Understanding the reality of the new quinoa situation is fundamental to face the challenges of encouraging 
local biodiversity, promoting market diversification and cooperating with inclusive processes towards equitable 
benefits.   
1. Introduction 
Quinoa (Chenopodium quinoa, Wild.) is a dicotyledonous, C3 species 
from the Amaranthaceae family that produces achene fruits (chenopod 
grains) with a rounded seed of 1.5–4 mm (Gallardo et al., 1997; Jellen, 
2013; Garcia et al., 2015). It can grow under diverse agro-ecological 
zones (coastal, valley, highlands, salt flats and subtropic) and is 
tolerant to frost, salinity and drought (Jensen et al., 2000; Jacobsen 
et al., 2005; Adolf et al., 2013; Tapia, 2014). 
The dry quinoa seed is consumed as a cereal grain and has gained 
importance globally due to its high nutritional value. The balance of 
essential amino acids, fatty acids, micronutrients, vitamins and antiox-
idants is considered of high quality compared to the principal cereals 
(Ruales and Nair, 1992; Repo-Carrasco et al., 2003; Tapia et al., 1979; 
James, 2009). As a gluten free food grain with a low Glycemic Index, 
quinoa is a viable alternative for special diets and industries (Gordil-
lo-Bastidas et al., 2016). 
The resilience and the high nutritional quality distinguish quinoa as 
a potential strategic crop for food security and nutrition (Rojas et al., 
2011; FAO, 2011; FAO and Bioversity International, 2012). 
Part of quinoa’s history and evolution at the global level has been 
summarized (Alandia et al., 2011b; Bazile and Baudron, 2014; Bazile 
et al., 2016a). However, the link between different factors is still 
necessary in order to show the resulting challenges for the region of 
origin, i.e. the Andean region. In this paper, we update information 
published by Bazile et al. (2016a) with new data. Our objective is to 
analyze the main drivers of quinoa evolution, reveal important impli-
cations and challenges farmers confront, to suggest possible solutions. 
2. Methods 
We have focused on Peru, Bolivia and Ecuador as representative 
countries producing quinoa in the Andean region for the following 
reasons: these Andean countries hold the largest quinoa cropping areas 
and they constitute important areas of domestication and biodiversity. 
This analysis considered various databases and information sources 
to develop visual representations for interpretation. To describe the 
dynamics in the studied region we used information on quinoa pro-
duction areas, volumes, yields, export and prices from official national 
databases, local ministries, quinoa associations and statistic and export 
offices in each country (Bolivia: National Statistics Institute, Todo sobre 
la quinua; Peru: Ministry of Agriculture and Irrigation; Ecuador: Min-
istry of Agriculture and Husbandry). International databases used are 
from the FAO, the International Trade Centre, Eurostat and CBI Market 
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Information. Using ArcGIS version 10 (ESRI, 2011) and applying an 
updated database from Bazile et al. (2016a) (gathered in 2019 with the 
latest data up to 2018), we generated a world distribution map consid-
ering a timescale and production areas. We defined a timescale with four 
distinct periods: a) before the 1900s, to indicate the traditional pro-
ducing countries; b) between 1901 and 1989, to show the first seed flow 
outside the Andean region; c) between 1990 and 2012, to visualize the 
distribution of quinoa as a result of projects and research; and d) be-
tween 2013 and 2018, to locate the most recent experimentation. Five 
categories to show the status of quinoa presence were considered: major 
producers (>5000 ha under quinoa cultivation); medium producers 
(500–5000 ha under quinoa cultivation); small producers (<500 ha 
under quinoa cultivation); experimentation without production; and 
most recent trials (2013–2018). 
3. Results and discussion 
3.1. Quinoa dynamics inside and outside the Andean region 
Figure 1 illustrates the distribution and status of quinoa along time 
and Table 1 provides related numerical data. 
3.1.1. Before the 1900s 
Figure 1 shows with green the main region of origin, domestication 
and production of quinoa. Quinoa resulted from hybridization between 
two diploid species (probably 3.3–6.3 million years ago) and domesti-
cation took place at least 3000 BC independently in coastal and highland 
environments (Bruno, 2006; Planella et al., 2014; Jarvis et al., 2017). 
Mainly six countries along parallels 5◦–42◦ south latitude (covering 
Colombia, Ecuador, Peru, Bolivia, Argentina and Chile), cultivated 
quinoa as an important component of their diet (Tapia et al., 1979; 
Fleming and Galwey, 1995; Maughan et al., 2007). During the Hispanic 
period, quinoa was reported as a local food crop in chronicles and 
communications to the crown. The first attempt to test this grain outside 
the Andes failed in Spain due to non-viable seeds (Gonzáles et al., 2015). 
This Andean grain was probably not introduced to Europe as were po-
tatoes and maize, due to laborious post-harvesting process and the 
presence of saponins (Keoke and Porterfield, 2009). In the 1800s, there 
were suggestions to introduce quinoa to the Russian empire, though, 
with not proven materialization (Baer, 1839; Loskutov, 1999). Andean 
countries kept producing quinoa as small, medium and major producers 
(Table 1). By 2018, Peru and Bolivia were the two major world pro-
ducers with an area of 58,000 and 111,000 ha, respectively (Fig. 2). 
3.1.2. 1901–1989 
During the 20th century, quinoa seed was brought to Africa, North 
America, Europe and Asia (marked with yellow in Fig. 1). Initial 
experimentation is reported in the African continent in 1935 (Oyoo 
et al., 2014; Bazile and Baudron, 2014) and in the 1970s and 1980s in the 
northern continents (North America and Europe). The first commercial 
Table 1 
Quinoa worldwide presence along time and status by 2018.   
Number of countries by continents along time Status of countries by 2018  
Time period America Europe Asia Africa Oceania 1 2 3 4 5 Total 
Before 1900 6 0 0 0 0 0 0 2 2 2 6 
1901–1989 4 4 2 1 0 1 2 6 2 0 11 
1990–2012 2 14 7 5 2 3 14 11 2 0 30 
2013–2018 6 15 24 31 0 61 11 4 0 0 76 
Total 18 33 33 37 2 65 27 23 6 2 123 
Note: Presence status in the year 2018 corresponds to 1: Most recent trials (2013–2018); 2: Experimentation without production; 3: Small producer (<500 ha); 4: 
Medium producer (500–5000 ha); 5: Major producer (>5000 ha). 
Fig. 1. Global distribution of quinoa along time: (A) areas of production and experimentation with quinoa and (B) number of countries growing quinoa.  
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cultivation outside the Andes was established in 1983 in Colorado (USA) 
together with a breeding program, a cultivar (Colorado 407) and farmer 
associations in the United States and Canada (Alandia et al., 2011b; 
Peterson and Murphy, 2014). In Europe, the first countries where 
quinoa was introduced for research were England, Denmark and the 
Netherlands (Risi and Galwey, 1984; Galwey, 1993; Jacobsen, 2003). 
During that period, quinoa was also tested in India, China (Bhargava and 
Ohri, 2014; Xiu-shi et al., 2019) and under lowland tropical conditions 
in Brazil (Spehar and de Souza 1993; Spehar et al., 1998). 
By the end of the 1980s, quinoa was actively present for research and 
production in 11 countries outside the Andes. By 2018, six of these 
countries (United States, the Netherlands, Denmark, UK, India and 
Brazil) were reported as small producers with less than 500 ha and two 
(Canada and China) as medium producers (with areas between 500 – 
5000 ha). 
3.1.3. 1990–2012 
In the 1990s quinoa spread to 13 new countries, propelled by two 
international projects in 1993 and 1996 (Jacobsen, 2003; Bazile and 
Baudron, 2014). The Netherlands gave rise to the first European cultivar 
“Carmen” (early short size compact plant) and the sweet variety “Atlas” 
(Jacobsen, 2003). The United States worked with male sterility and 
molecular markers to breed quinoa. They obtained tolerant varieties to 
early sprouting and successful crosses with other Chenopodium (Peter-
son and Murphy, 2014). By 2012, quinoa appeared in 17 more countries, 
this time in the Mediterranean region, Asia and Africa (Bazile and 
Baudron, 2014). In France, by 2011, a local quinoa sector reported 300 
ha of production using two Dutch sweet varieties with yields ranging 
2–4.5 t ha− 1 for conventional and 0.8–2 t ha− 1 for organic quinoa (Piva 
et al., 2014). By 2012, quinoa is present in 30 countries (marked with 
orange in Fig. 1). Two of them (Spain and France) became medium 
producers and 11 of those were small producers (including countries in 
Middle East desert and Oceania) as it is shown in Table 1. 
3.1.4. 2013–2018 
After the International Year of Quinoa (IYQ), from 2013 to 2018, 76 
countries tested and produced quinoa in different latitudes (red color in 
Fig. 1). Most of them were located in Africa (41%), Asia (32%) and 
Europe (20%). By 2018, four countries (Belgium, Iran, Switzerland and 
Paraguay) were reported as medium producers (Table 1). 
Fig. 2. Dynamics of quinoa production (a and b), yield (c and d), and area (e and f) in three countries of the Andean region between the period 1961 to 2018 as ten 
year average (except for the last 8 years of analysis) in a, c and e and yearly dynamics in b, d and f. In the latter, the development of markets movements that 
influenced these dynamics are pointed (diet, organic, fair trade market and the international year of quinoa: IYQ). The error bars correspond to standard deviation 
(n±1). 
Source: elaborated with information from: (Ministerio de Agricultura y Riego - Perú 2018; FAO, 2019; Ministerio de Agricultura y Ganadería - Ecuador, 2017; 
Instituto Nacional de Estadística, 2019; Ministerio de Agricultura y Ganadería - Ecuador, 2019). 
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3.2. The main drivers of change: new markets, prices, research and 
promotion 
The rapid spread of this grain around the world can be attributed to 
the conjunction of different elements along time, which are discussed in 
this section. 
3.2.1. New markets and prices 
Figure 2 shows the decade and annual evolution of quinoa produc-
tion volumes, yields and areas between 1960 and 2018 for the three 
analyzed countries. 
In the 1960s and 1970s, quinoa production in the Andean region was 
addressed for the local market. The majority (95%) of production 
Fig. 3. Exported quinoa quantities (a, b), and FOB producer prices (c, d) from the Andean region. Error bars correspond to standard deviation (n ± 1). Source: 
Elaborated with information from: (International Trade Centre, 2019). 
Fig. 4. Producer prices for conventional quinoa in Peru and Bolivia 2010)–2018 with highlighted variation during the International Year of Quinoa (IYQ). 
Source: elaborated with information from: (Todo sobre la Quinua, 2019; Ministerio de Agricultura y Riego - Ministerio de AgriculturaRiego - Perú, 2018). 
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volumes and production area were concentrated and similarly distrib-
uted between Peru and Bolivia (Fig. 2a and e). In total for the three 
countries, the production ranged from 15,600 – 40,800 t (Fig. 2b), in 
areas between 25,100 – 55,000 ha (Fig. 2f). Yields were variable and 
below 0,8 t ha− 1 (Fig. 2d). 
Emerging consumption preferences and trends in developed coun-
tries gave rise to new markets that created a demand for quinoa i.e. diet, 
organic and fair trade (Vassas and Vieira P, 2010). 
Quinoa was first introduced to the North American food market in 
the 1980s, when a diet market started to develop, and different com-
panies started to import this novel grain from Bolivia, Peru and Ecuador. 
The area of production in the Andean region increased from 35,500 ha in 
1980 to 58,700 ha in 1989 (Fig. 2-f) of which 73% was located in Bolivia 
(42,600 ha by 1989). National policies in this country (neo-liberalism), 
the creation of quinoa associations, the mechanization of production 
practices were some of the factors that transformed subsistence pro-
duction to commercial production for export (Alandia et al., 2011a; 
Laguna, 2011). 
In the 1990s, the rapid development of the organic food industry 
included quinoa, new interests emerged for whole grains and Andean 
countries improved their grain cleaning capacities. Fair trade developed 
and by the end of the 2000s, quinoa had become a specialty food product 
in the US (Laguna et al., 2006; Núñez de Arco, 2015). Export demand 
and prices were the main drivers of change for the production area in the 
Andean region. For almost two decades (1990–2007), quinoa prices 
remained below 2 USD kg− 1 (Fig. 3 c-d). Quinoa FOB prices increased 
from 1.3 USD kg− 1 in 1999 to 2.8 USD kg− 1 in 2010 (Fig. 3c). Exports 
were boosted; by 1999, the region exported more than 2000 t whereas 
by 2010, exports increased by ten (20,600 t) (Fig. 3a). Hence, the pro-
duction area increased from almost 67,000 ha in 1999 to 95,000 ha in 
2010 (Fig. 2). Prices started to increase by the end of the 2000s due to 
different reasons along this period: stronger demand from the US; a 
higher demand in relation to supply; the need to ensure the supply chain 
when importers faced contract defaults; and speculation during the IYQ 
(Avitabile, 2015; Núñez de Arco, 2015). Prices in Bolivia reached the 
highest values by the end of 2013 (6.7 USD kg− 1 FOB price in Fig. 3-c; 
and 6.5 USD kg− 1 farmers price in Fig. 4). Prices for organic quinoa were 
even higher; by December 2013 they reached 8 USD kg− 1 for Bolivia and 
7 USD kg− 1 for Peru (Núñez de Arco, 2015). These prices led in 2015 to 
the highest peak in production area (251,000 ha) and volumes (220,000 
t) registered in the region along the last decade (Fig. 2f and b). In only 
two years (from 2013 to 2015), the production area more than doubled 
in Bolivia and increased by almost ten times in Ecuador. For two decades 
(1992–2013), Bolivia was the main exporter and covered 65–95% of 
exports from the Andean region. In fact, it is this country that positioned 
quinoa in the global market (Laguna, 2011). In 2014, after the IYQ, Peru 
took over with the exports (Fig. 3b). 
Quinoa prices collapsed in 2014. In that year, the Andean region 
produced 206,000 t (Fig. 2-b) and exported 66,000 t (Fig. 3-a). Pro-
ducing a higher quantity than the Andean countries exported led to the 
downward correction of quinoa prices to 2.5 USD kg− 1 (FOB price, 
Fig. 3-c) and 1.8 USD kg− 1 (farmers price, Fig. 4) by the end of 2018. The 
production area in the Andean region lowered to 172,000 ha and the 
production volumes to 147,500 t. In that year (2018), Peru and Bolivia 
exported more than 84,000 t (Fig. 3a) equivalent to 74% of global 
quinoa exports. However, some markets closed and four countries 
outside this region i.e. United States, Canada, Spain and the Netherlands 
competed with 16% of world’s exports (CBI Market Information Data-
base, 2017). The effect of the price collapse, closing markets and new 
competitors had a strong impact for small farmers in Bolivia and Peru 
who faced prices as low as 0.6 USD kg− 1 and 0.8 USD kg− 1 respectively 
by the end of 2015 (Fig. 4). 
Nowadays novel markets continue to emerge in developed countries. 
Environmentally responsible consumers (e.g. vegan, vegetarians, flex-
itarians) are generating demand for plant based food, where quinoa 
plays an important role as a high-quality protein grain. 
3.2.2. Research and promotion  
a) In the Andean region 
Important research in quinoa has taken place within the Andean 
region. The description and generation of scientific information about 
quinoa between the 1960s and 1980s comprised collection, description, 
characterization and conservation of local germplasm; plant breeding; 
plant protection and general crop production; nutrition; uses, processing 
and industry (Tapia, 2014; Zandstra, 1997; Tapia et al., 1979). Agri-
cultural research and development in the south had variable intensity 
and stability, typical of the dynamics of governments and politics in 
Latin American countries. Not all of the research generated reached 
farmers but it certainly established the basis for subsequent research into 
quinoa, not only in the region but also around the world (Rea, 1992; 
Zandstra, 1997; Laguna et al., 2006). For long time (up to the 2000), 
average yields for the region remained around 0.6 t ha-1. From the three 
countries analyzed, Peru had the highest annual yield averages and 
Bolivia the lowest, due to its harsher highland climatic conditions 
(Fig. 2-d). A great effort in plant breeding has been done in the Andean 
countries. Nevertheless, the resulting cultivars are not as protected or 
disseminated for experimentation as other genetic materials are in the 
rest of the world. 
Recent studies include the generation and release of cultivars (e.g. 
the first cultivar registered by Chile in 2001); generation of bio-inputs; 
integration of native vegetation in cropping systems; ethno-socio- 
economic studies describing related dynamics and the quinoa produc-
tion chain, among others (Tapia, 2014; Gandarillas et al., 2014; Peralta 
and Mazón, 2014; Planella et al., 2014). It is indeed after the 2000s that 
the region increases the yield average especially with Peru that reached 
more than 1 t ha− 1 after 2002 and Ecuador after 2014. Bolivia kept with 
0.6 t ha− 1 during this period (Fig. 2-d).  
b) Outside the Andean region 
The start of quinoa exports and consumer’s interests outside the 
Andean region, gave rise to germplasm collections and experimentation 
with this grain outside the Andes. Plant breeding outside the Andean 
region was mainly concentrated on high yielding, uniformity for me-
chanical harvesting, tolerance to sprouting, early maturation and low 
saponin in grain (Jacobsen, 2014; Bazile et al., 2016a; Peterson and 
Murphy, 2014). At the moment there are 26 registered quinoa cultivars, 
of which only three come from the Andean region (UPOV, 2019). 
The recent genome sequencing of quinoa, fully achieved in 2017, 
may accelerate plant breeding with novel technologies, to obtain uni-
form commercial cultivars with targeted traits for quinoa production 
under a wider range of regions and stresses (Jarvis et al., 2017). New 
projects outside the Andean region are addressing breeding: in the 
United States, to generate high yielding varieties that are tolerant to 
biotic and abiotic stresses under organic farming systems (USDA - ARS, 
2019); in Europe, to obtain varieties that adapt to long days and short 
summers (Kiel University, 2018) and for reduced saponin in the seed 
coat through non-gmo mutagenesis technology (The Carlsberg Foun-
dation, 2019; López-Marqués et al., 2020). These new breeding tech-
nologies and capabilities are unfortunately lacking in the Andean 
region, although they are important in order to increase crop produc-
tivity (Tester and Langridge, 2010). Other European projects have 
considered quinoa as part of an array of protein crops targeted to 
develop new plant based food products that contribute to reduce 
greenhouse gas emissions and negative impacts on the environment 
(European Commission, 2017). Nowadays, China is making important 
investments in research to develop quinoa. In 2018, 12,000 ha were 
sown mainly in the northern part of the country (Xiu-shi et al., 2019). 
Numerous research projects were developed outside the Andean re-
gion, but those in the 1990s and right after the International Year of 
Quinoa (IYQ) in 2013 might be the ones that had the most impact in the 
G. Alandia et al.                                                                                                                                                                                                                                
Global Food Security 26 (2020) 100429
6
dispersal of this grain (Bazile et al., 2016a; Bazile et al., 2016b). The IYQ 
helped to spread quinoa around the globe and increased demand, pro-
duction area, volume and exports as shown in Figs. 1–3. This took place 
in around 30 countries through more than 70 events. The use of main-
stream media to promote and disseminate material also magnified the 
visibility of this grain (programs, special editions in magazines and 
newspapers, recipe books, among others) (FAO, 2013, FAO, 2014). 
3.3. Implications of quinoa globalization: sustainability and ethical use of 
genetic resources 
3.3.1. Sustainability 
Sustainability has been a concern raised along with quinoa global-
ization (Vassas, A., 2008, Giuliani, A., 2012, Winkel et al., 2014; Bed-
oya-Perales et al., 2018a). 
The sustainability of quinoa production systems started to be dis-
cussed in Bolivia in the late 2000s, reaching later the international arena 
through mainstream media and scientific publications (Astudillo and 
Aroni, 2012; Avitabile, 2015; Albert, 2017). 
With different degrees of complexity, multiple authors warned and 
debated about the impacts of the quinoa boom. They addressed unsus-
tainable quinoa production practices and aspects such as the negative 
impacts of land use change on soils, traditional production systems and 
agro-biodiversity. Valuable management practices were also recom-
mended for degraded soils; such as the sustainable use of mechanical 
plowing, the integration and diversification of production systems to 
enrich soil with organic matter (from harvest residues, manure, 
compost, intercrop systems with wild and traditional legumes). More-
over, cutting instead of pulling out quinoa plants during manual harvest 
and the implementation of wind barriers were recommended. Preser-
ving traditional production systems was also highlighted to bring out 
diversity and resilience in small-scale farming (Winkel et al., 2012; 
Jacobsen 2011, 2012; Bedoya-Perales et al. 2018a, 2018b; Aroni, 2008; 
Reynolds et al., 2008; Winkel, 2011; Winkel et al., 2014). 
The quinoa boom led to an increase of the production area and 
generated pressure on natural resources from the Andes. The unsus-
tainable production perceived internationally, affected export mar-
kets and provided more arguments for new market competitors to 
develop quinoa sectors in other regions of the globe (Winkel, 2011; 
Winkel et al., 2014). By 2015, Europe produced 7000 t, and covered 
20% of the European demand for quinoa (Mercadero, 2016). The 
development and distribution of quinoa outside the Andean region 
will not stop. Regulation of international food economics to avoid 
unbalanced competition (Winkel et al., 2014) seems difficult to ach-
ieve (at least in the short term) due to interests involved. Therefore, 
the active participation of the Andean region may be the way to bring 
solutions to this process. 
A positive aspect we can mention from the production of quinoa in 
other latitudes is that this grain constitutes a possibility to diversify 
global production systems that are centered around a reduced number of 
species. It also helps to diversify diets and offers the possibility to 
generate new plant-based food alternatives, to reduce meat production 
that is harming the environment. Developed countries have the global 
responsibility to reduce greenhouse gas emissions and become more 
energy efficient (European Commission, 2019). The production of meat 
emits equivalent greenhouse gases (GHG) to the transportation sector, 
and livestock production uses almost 70% of the agricultural land 
(Ripple et al., 2014; Machovina et al., 2015). It is the most important 
driver for land use change for feed, through deforestation of millions of 
hectares (mainly located in the global south) that comes coupled with 
biodiversity loss (Rojas-Downing et al., 2017; Gerber et al., 2013; 
Machovina et al., 2015). Diets need to change; therefore, different 
protein sources are necessary. Plant protein represents an option to help 
reducing negative impacts on the environment. Quinoa is a high quality 
protein grain and it constitutes a possibility to reduce the global food 
environmental footprint. 
On the other hand, compared to the Andean region, production 
systems in northern continents rely on few cultivars. As a result of plant 
breeding, new cultivars could in the long term be adopted in the Andean 
countries to solve yield gaps and they could represent a risk and have 
implications for the Andean agro-biodiversity. Active and collaborative 
breeding programs based on local diversity and addressed to different 
markets would avoid negative impacts and take advantage of positive 
results to increase productivity. 
3.3.2. Ethical use of genetic resources 
How fair is it for the countries of origin of quinoa to share genetic 
resources with developed countries? The latter have higher capacities 
to develop technology to become a serious market competitor for the 
Andean countries. Countries traditionally producing quinoa may lose 
their share of the market and become dependent on newly generated 
cultivars to respond increasing demand. The equitable distribution of 
benefits derived from genetic resources use, recognition of areas of 
origin, seed property rights and pathways to access the diversity of 
genetic resources are issues that generate debate. These need more 
discussion for the improvement of the existing legal framework (Winkel 
et al., 2014; Chevarria-Lazo et al., 2015; Bazile et al., 2016a; Bazile and 
Baudron, 2014). 
So far, the recognition of Andean populations for the conservation of 
quinoa can be done through minimal monetary compensations (Che-
varria-Lazo et al., 2015), which mainly target conservation processes 
(Convention of Biological Diversity - CBD and Nagoya Protocol). Other 
regulations (e.g. Plant Variety Protection; PVP) protect only the last 
phases of innovation processes (breeding) and not the source of the 
genetic materials used. In addition, high costs linked to this type of in-
tellectual property right protection do not fit in most of the cases with 
the research system or the reality in Andean countries. In fact, only three 
PVP registrations have been granted to Andean countries (UPOV, 2019). 
Within the International Treaty on Plant and Genetic Resources for Food 
and Agriculture (ITPGRFA), the Multilateral System (MS) that enables 
the exchange and sharing of benefits of genetic resources use does not 
include quinoa. This system could help to trace the source of materials 
used in innovation (provided that identification codes of gene banks 
remain the same), make agreements between stakeholders and avoid 
misappropriation of plant material. It would also allow the establish-
ment of collaborative breeding programs, which could result in shared 
benefits from resulting cultivars. Nevertheless, the mechanisms to make 
this system effective are often described as ambiguous and difficult to 
apply. Finally, the Open Source Seed License (OSSL) is a mechanism that 
could allow, to some extent, the exchange of seeds, protecting them from 
misappropriation. However, it also does not guarantee total traceability 
of genetic resource use (Esquinas-Alcázar, 2005; Winkel, 2011; Che-
varria-Lazo et al., 2015; Bazile et al., 2016a). 
The development of new cultivars by countries outside the Andean 
region is possible without the application of the international frame-
work, therefore without recognition or share of benefits with the 
countries that have conserved quinoa for a thousand of years. To date, 
26 cultivars have been approved for registration as plant breeder rights 
in different periods, countries and regions outside the Andean region 
(most of them in Europe). The registration of materials doubled after 
2013: from 1997 – 2013, 13 materials were registered and from 2014 – 
2023, 26 (UPOV, 2019). 
Andean countries need to find effective ways to keep benefiting from 
the global market they have conquered by getting creative in business 
and by using the available regulations that bring tangible benefits to 
farmers of their region. The revision, complementation, and harmoni-
zation of the existing legal framework may be an option for the devel-
opment of equitable opportunities for the countries that have conserved 
the existing biodiversity of this grain (Chevarria-Lazo et al., 2015). In-
tellectual protection tools such as geographical indications can help to 
promote, conserve and protect genetic materials, production systems, 
culture and tradition. In Bolivia, a denomination of origin (DO) was 
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recognized in 2002 at national scale. In 2014, it was recognized by the 
Andean community (CAN) i.e. Ecuador, Peru, Colombia and Bolivia 
(Royal Quinoa DO Regulatory Council, 2019). The registration under 
the World Intellectual Property Organization (WIPO) is in process. This 
type of protection can translate into higher local and regional economic 
revenues for farmers but not necessarily in effective conservation of 
diversity, practices and knowledge (Larson Guerra, 2010). 
The use of other soft legal frameworks could also help in this process, 
as will be discussed further. 
3.4. Potential of production in the Andean region and possible strategies 
3.4.1. The Andean region: the main world producers 
The countries with major quinoa production in Latin America are 
Peru, Bolivia and Ecuador with a total of 172,000 ha in 2018. In these 
three countries, quinoa is produced under diverse agro-ecological con-
ditions and production systems. From traditional production systems 
characterized by medium (up to 10 ha) and small-scale plots (<2 ha) 
with low input technology; to extensive cultivation in the Bolivian 
southern highlands and in the coastal region of Peru. In general, the crop 
is produced under rain-fed conditions and subjected to extreme meteo-
rological events and oscillations (e.g. El Niño & La Niña) that affect seed 
yields. 
Around 30–40% of quinoa produced in Peru, Bolivia and Ecuador is 
certified organic. Bolivia is the country that exports most organic 
quinoa, whereas Peru exports most conventional (Oficina Internacional 
del Trabajo, 2015; Instituto boliviano de Comercio Exterior, 2015; 
Ecuador, 2015). 
3.4.2. Diversity conservation 
The Andean region contains a great variability of areas and pro-
duction systems where quinoa is produced. This represents a great po-
tential to continue developing markets. Unique characteristics from the 
Andean region provide narratives for labels that increase the value of 
products addressed to consumers demanding authentic food. Besides, 
Andean countries hold an enormous genetic diversity including that of 
quinoa. Indeed, the region maintains most of the accessions available 
worldwide, however, under conditions that do not ensure their preser-
vation. Investments are necessary to avoid losing these valuable re-
sources and to make use of the rich biodiversity of quinoa and its wild 
relatives (Rojas et al., 2015). Governments should turn their attention to 
this asset and to the assorted array of products they can offer, both to 
their local population and to the rest of the world. For this, the appli-
cation of results from previous research and development of new studies 
that lead to useful innovations are needed. 
3.4.3. Productivity 
Quinoa production in the Andean region has increased around 
165,000 t in the last 15 years (2003–2018). However, the region yield 
average recently attained 1t ha− 1 with serious observations to the sus-
tainability of quinoa production systems. Therefore, efforts are neces-
sary to enhance productivity in the areas of the region with low yields (e. 
g Bolivia) and revise the sustainability of intensive production systems 
(e.g. coast of Peru). The internal competition in the region can intensify 
the current implications from the international context. Important rec-
ommendations that have been highlighted in debates about quinoa 
sustainability should be considered. 
Andean countries should take advantage of the research and tech-
nology already developed in the region. Collaborative projects to solve 
yield gaps and enhance sustainable crop management are necessary. 
Important areas of focus that can be mentioned are soil erosion, salinity, 
fertility and territory management in the arid areas of quinoa production 
(Bolivian southern highlands); integrated pest and disease management 
in the intensive areas of production (coastal regions of Peru). In all 
countries: development of mechanized systems adequate for each re-
gion; development of organic integrated crop management; plant 
breeding and production of certified seed from local varieties. In addi-
tion, sustainable conventional cropping systems can also be applied in 
order to maintain the diverse market demand. As suggested by other 
studies, two models could be feasible for quinoa in the Andean region: a 
commodity model and a food sovereignty model (Avitabile, 2015). 
3.4.4. Markets 
Organic quinoa represents around 30% of the quinoa produced in the 
main producing countries of the Andean region. The production of 
organic quinoa is still challenging in the new countries producing this 
grain where Chenopodiaceae weeds pests and diseases still represent a 
problem not yet solved. Until this sector is developed, the Andean 
countries still maintain this share of the global market. 
More efforts are needed to add value to produced quinoa. In 2000, 
Bolivia (by then first world producer) exported only 3% as processed 
goods (Gandarillas Terceros, 2011). Genetic resources can be used ac-
cording to their characteristics and properties (e.g. using quinoa of small 
grain size for industry, exporting “Real” quinoa with attractive, large 
grain sizes and colors, identifying the specificity of quinoa varieties for 
industrialization). Andean countries should consider the recovery of 
traditional ways of consumption using existing information of projects, 
recovering these and using it in creative ways for promotion (e.g. food 
fairs, tv shows, social media, among others). Synergies can be created 
between tradition, science, technology and commercialization. Scienti-
fic methods could be used to help to uncover the reasoning behind 
traditional production techniques, and products can be developed and 
industrialized with technology (e.g. traditional recipes). This will result 
in a product with tradition as an extra added value that can be promoted 
in local and external markets. To ensure a better distribution of income it 
is important to connect consumers directly to farmers and associations. 
Other strategies to consider include the development of new, spe-
cialty and niche markets. To protect and recognize the origin of genetic 
resources, the Andean region should take advantage of different 
schemes of geographical indication. Efforts should continue to get the 
Real DO to the rest of the world and other schemes to reach niche 
markets should be pursued. Considering that the climate conditions in 
the area where this type of quinoa is cultivated are extreme and difficult 
for the local farmers, this would be a fair recognition of the efforts that 
conserving and producing this quinoa represents. Payments for agro-
biodiversity conservation services (PACS) cases have been analyzed in 
the Andean region and a mixture of incentive instruments have been 
recommended for broad conservation strategies (Drucker et al., 2015). 
To keep the different certifications obtained, farmers should also keep a 
serious commitment to maintain sustainable production systems. Col-
lective brands (formed by different producer associations) and 
strengthened by the public sector and other partners represent other 
opportunities to develop the value chain, differentiate quinoa and in-
crease prices (Duran y Lalaguna and Dorodnykh, 2018). Farmer asso-
ciations, institutions, governments and external cooperation should 
address these efforts. Other examples of appellation schemes that could 
be used are products with traditional specialty guarantee. Soft regula-
tions such as the Globally Important Agricultural Heritage Systems 
(GIAHS) and the cultural landscapes protection systems can be strategies 
to conserve biodiversity, production systems and identity (Chevarria--
Lazo et al., 2015). 
Farmers can still benefit from consumers willing to pay for exclusive 
products that do not come from conventional farming systems. The 
Andean region is full of traditions, stories and diverse characteristics 
that make its products unique and appealing for people eager to 
compensate farmers’ efforts, in order to eat healthy, distinct products. 
This market strategy represents a way ahead than just focusing on 
quinoa grain traits. 
3.4.5. Diversification and collaboration 
Diversifying production systems that include other underutilized 
species (e.g. Andean lupin, tubers, camelids, medicinal plants, among 
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others) would also diversify the sources of income. Other activities such 
as agro-ecotourism add value to products; examples can be found where 
quinoa is part of the agro-touristic offer in Peru (Barbieri et al., 2020) or 
rural agro-tourism packages concentrated only in quinoa and related 
traditions such as in Bolivia (Muñoz and Prado, 2019). The consider-
ation of the socio-economic dynamics and the participation and 
consensus of local stakeholders is fundamental. More would be achieved 
at the local level if efforts are unified between different sectors i.e. 
farmer associations, universities, private sector, government and rele-
vant institutions. 
Andean countries have to find effective and innovative ways to keep 
promoting and diversifying its domestic consumption at different levels. 
By easing the processes for business creation, access to markets and 
national programs (e.g. school meals); recovery of traditional ways of 
consumption; promotion of innovative products that include quinoa as 
an ingredient. To achieve this we recommend more research and inno-
vation towards development and diversification of products. 
The region should propose projects that unify efforts south – south 
and north – south where farmers are included in order to enhance 
research, technology and industrialization. All projects, actions and 
activities should ensure a fair and concerted access to resources (genetic, 
knowledge, economic) to get mutual and equilibrated benefits for all 
parties. 
4. Conclusions 
The global distribution of quinoa has changed significantly over the 
last century. From being produced in six countries, now this grain is 
present in more than 120 countries around the world. This uptake was 
driven by the increasing interest, market development, research and 
promotion. This new scenario brings new competitors for the Andean 
region where quinoa is produced in both traditional and intensive pro-
duction systems. Some of the main challenges are unstable yields, low 
technology, fragile ecosystems and unclear regulations surrounding the 
sharing of benefits from the conservation of Andean genetic resources. 
The interest for developing quinoa outside its area of origin is not going 
to stop. In fact, quinoa represents a good crop for global food security 
and an opportunity for producing high quality protein with little impact 
to the environment. In order to remain in the global market without 
losing its diversity, the Andean region will need to actively join in this 
process. Innovative alliances at different scales will be needed. Local 
alliances are important to continue optimizing yields, the production 
system, the whole value chain, as well as the connection between 
farmers and consumers. Regional alliances can be used to share 
knowledge, technology and market strategies. These can strengthen the 
region and ensure that livelihoods continue improving in a sustainable 
way. Finally, international collaboration will be positive if equitable 
distribution of benefits can be ensured, under clear and applicable 
agreements, securing genetic and cultural resources. 
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Canadá. In: Bazile, D., Bertero, D., Nieto, C. (Eds.), Estado del arte de la quinua en el 
mundo en 2013, pp. 665–680. FAO - CIRAD: Santiago de Chile; Montpellier, Francia. 
http://www.fao.org/3/a-i4042e.pdf. 
Piva, G., Brasse, C., Mehinagic, E., 2014. Quinua d’Anjou: comienzo del sector de quinua 
Francesa. In: al DBe (Ed.), Estado del arte de la quinua en el mundo en 2013, 
pp. 534–541. FAO: Santiago de Chile y CIRAD: Montpellier. http://www.fao. 
org/3/a-i4042e.pdf. 
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Rojas, W., Pinto, M., Alanoca, C., Gómez Pando, L., León-Lobos, P., Alercia, A., 
Diulgheroff, S., Padulosi, S., Bazile, D., 2015. Quinoa genetic resources and ex situ 
conservation. In: Bazile, D., et al. (Eds.), State of the Art Report on Quinoa Around 
the World in 2013. FAO & CIRAD, Rome, pp. 56–82. http://www.fao.org/3/a-i 
4042e.pdf. 
Rojas-Downing, M.M., Nejadhashemi, A.P., Harrigan, T., Woznicki, S.A., 2017. Climate 
change and livestock: impacts, adaptation, and mitigation. Clim. Risk Manag. 16, 
145–163. https://doi.org/10.1016/j.crm.2017.02.001. 
Royal Quinoa DO Regulatory Council, 2019. Denominación de origen (DO) de la quinua 
real del Altiplano Sur de Bolivia. DO - Background. http://www.doquinoareal. 
com/background/. 
Ruales, J., Nair, B., 1992. Nutritional quality of the protein in quinoa (Chenopodium 
quinoa, Willd) seeds. Plant Foods Hum. Nutr. 42, 1–11. 
Spehar, C.R., de Souza, PIdM., 1993. Adaptação da quinoa (Chenopodium quinoa Willd.) 
ao cultivo nos cerrados do Planalto Central: resultados preliminares. Pesqui. 
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